Background-Studies in hypertensive patients suggest that ambulatory blood pressure (BP) is prognostically superior to office BP. Much less information is available in the general population, however. Obtaining this information was the purpose of the Pressioni Arteriose Monitorate e Loro Associazioni (PAMELA) study. Methods and Results-Office, home, and 24-hour ambulatory BP values were obtained in 2051 subjects between 25 and 74 years of age who were representative of the general population of Monza (Milan, Italy). Subjects were followed up for an average of 131 months, during which time cardiovascular and noncardiovascular fatal events were recorded (nϭ186). Office, home, and ambulatory BP values showed a significant exponential direct relationship with risk of cardiovascular or all-cause death. The goodness of fit of the relationship was greater for systolic than for diastolic BP and for night than for day BP, but its overall value was not better for home or ambulatory than for office BP. The slope of the relationship, however, was progressively greater from office to home and ambulatory BP. Home and night BP modestly improved the goodness of fit of the risk model when added to office BP. Conclusions-In the PAMELA population, risk of death increased more with a given increase in home or ambulatory than in office BP. The overall ability to predict death, however, was not greater for home and ambulatory than for office BP, although it was somewhat increased by the combination of office and outside-of-office values. Systolic BP was almost invariably superior to diastolic BP, and night BP was superior to day BP. (Circulation. 2005;111:1777-1783.) 
T wo sets of evidence suggest that in hypertension and diabetes mellitus, ambulatory blood pressure (BP) may be clinically more important than office BP. Cross-sectional studies have shown that 24-hour, day, or night average BP values correlate with the organ damage accompanying hypertension and diabetes mellitus more closely than office values. [1] [2] [3] [4] Longitudinal studies of patients with untreated or treated hypertension or diabetes have shown that BP values averaged over the whole or part of 24 hours predict progression of organ damage 5 or the risk of cardiovascular disease better than or in addition to BP values obtained in the office environment. 6 -18 Information on the prognostic value of ambulatory compared with office BP in the general population has been obtained only in a study of residents of Ohasama, Japan, based on the fatal cardiovascular events that oc-curred during a follow-up period of several years. 19 -22 The Italian Pressioni Arteriose Monitorate e Loro Associazioni (PAMELA Study) examined cross-sectionally a large sample representative of the population of Monza, a town in the northeast outskirts of Milan, from 1990 to 1993 to establish the normality range of ambulatory and home BP values, 23 as well as the relationship between these pressures and echocardiographically detected abnormalities of the heart vis-à-vis office BP. 24 From recruitment to December 31, 2003 , contact with participants in the study was maintained by mail and phone. This method allowed the prognostic value of ambulatory compared with office BP to be assessed over a long observation period. It further allowed us to assess the prognostic value of home BP, for which prospective evidence also is limited largely to data obtained in the Ohasama population. 25, 26 
Methods
The methodology used in the PAMELA Study has been reported in detail elsewhere. 23 Briefly, 3200 individuals were randomly selected from the Monza residents to represent the town population for gender and age decades (25 to 74 years) according to the criteria used in the WHO MONICA study conducted in the same geographic area. 27 The overall participation rate was 64% consistently in each age-sex stratum The demographic characteristics of nonparticipants were similar to those of participants, as were cardiovascular risk factors based on information collected via telephone interviews.
Entry Data
Participants were invited to come to the outpatient sector of the local hospital (San Gerardo) in the morning of a working day (Monday through Friday) where several data were collected. Data relevant to the present study include 3 sphygmomanometric BP measurements with the subject in the sitting position starting 10 minutes after the beginning of the medical visit and 24-hour ambulatory BP monitoring through an oscillometric device (Spacelabs 90207, Spacelabs) with BP readings set at 20-minute intervals. The subjects were sent home after the device was checked for accuracy with instructions to participate in their usual activities and to come back the next morning for device removal. Additional data included 2 home BP measurements (approximately at 7 AM and 7 PM) made with a semiautomatic device (Model HP 5331, Philips) on the arm contralateral to that used for ambulatory monitoring, 3 more sphygmomanometric sitting BP measurements taken after removal of the ambulatory BP device, and information (history and physical examination) on cardiovascular risk factors, including overweight, smoking habits, serum cholesterol, blood glucose, diabetes mellitus, and history of previous cardiovascular morbid events. Total serum cholesterol and blood glucose levels were measured in all subjects by a radioenzymatic method.
Follow-Up
From the time of the medical visit to December 31, 2003 , information on subjects' vital status was requested by letter. A copy of the death certificate was obtained for all subjects who died. The causes of death reported in the certificate were coded according to the 10th revision of the International Classification of Diseases. 28
Data Analysis
The 3 office BP measurements obtained at the initial visit and following ambulatory BP monitoring were separately averaged and pooled. The 2 home BP measurements were averaged. As reported in detail elsewhere, 23 ambulatory BP values were edited for artifacts according to preselected criteria 29 and averaged for the 24 hours, the day (7 AM to 11 PM), and the night (11 PM to 7 AM). Valid ambulatory blood pressure readings were obtained from 95.9% of the readings planned (ie, 72 readings over 24 hours) with a homogeneous distribution (2.9 per hour) throughout the entire recording period and a similar percentage of valid readings compared with the expected reading over the day (95.7%) and night (96.5%). Cox proportionalhazard models were fitted to explore the relationship between each BP or heart rate (HR) and the natural logarithm of the relative risk of cardiovascular or all-cause death. ␤ Coefficients (the average change in the natural logarithm of the relative risk of death per each 1-mm Hg or 1-bpm increase in BP or HR) were estimated by maximizing the logarithm of the partial likelihood function. For all models, the likelihood ratio test (difference between the likelihood of the model with and without the BP measurement as a covariate) was computed to evaluate whether BP (or HR) explained a significant portion of the risk of death. 30 The likelihood ratio test was also computed for models that added home and ambulatory BP to the data relating the risk of mortality to office BP to see whether this improved the goodness of fit of the model and thus the ability to predict risk. The likelihood ratio test has an asymptotic 2 distribution with degrees of freedom equal to the number of estimated parameters. Kaplan-Meier survival curves were constructed by stratifying the cohort according to office, home, and ambulatory BP and HR above and below the corresponding median value. No adjustment for age, sex, and other cardiovascular risk factors was made because comparisons between the predictive value of various BP values involved the same sample. For each BP, the log-rank test was used to compare the curves. Throughout the text, values are given as meanϮSD, except for the ␤ coefficients, which are given as meanϮSEM. For all hypotheses tested, 2-tailed values of PϽ0.05 were considered statistically significant. 
Results

Entry and Follow-Up Data
Entry data were obtained for 2051 subjects. During the follow-up period (average, 131 months), there were 186 deaths, ie, 9.1% of the sample. Of these deaths, 56 (2.7%) were cardiovascular. Cardiovascular death was ascribed to myocardial infarction or coronary heart disease (nϭ27), stroke resulting from vascular occlusion or hemorrhage (nϭ15), heart failure (nϭ6), sudden death (nϭ2), rupture of an aortic aneurysm (nϭ3), hypertension (nϭ1), and systemic embolism (nϭ2). Table 1 shows that compared with subjects alive at the end of the follow-up, those who died of cardiovascular diseases were older and more likely to be male. Prevalence of smoking was similar in the 2 groups, but hypertension (office BP Ն140 mm Hg systolic or 90 mm Hg diastolic or antihypertensive treatment), hypercholesterolemia (serum total cholesterol Ն240 mg/dL), overweight (body mass index Ն26 kg/m 2 ), diabetes mellitus (fasting serum glucose Ն140 mg/dL or antidiabetic treatment), total serum cholesterol, blood glucose, and a history of cardiovascular disease were much more frequent in those who had a fatal cardiovascular event. The all-cause death group resembled the cardiovascular death group, although the differences with alive subjects were less pronounced. BP values were progressively less from office to home, day, 24 hours, and nighttime, with all values being greater in the cardiovascular and all-cause death groups than in the group of alive subjects. Except for a slightly greater office value in those who died of all causes, HR did not differ between groups.
BP and Mortality
All entry BP values showed a direct exponential relationship with the risk of cardiovascular or all-cause death. As shown in Table 2 , the goodness of fit of the relationship of BP to the risk of death was almost invariably much less for diastolic than for systolic BP, for which the values were usually higher than those required for minimal statistical significance and not less for office than for home or ambulatory BP values. The ␤ coefficients (ie, the increase in risk per 1-mm Hg increase in BP) were progressively greater from the first day, the second day, or the pooled office BP values to home and 24-hour BP values, with lower values for the day than for the night. Thus, as shown in Figure 1 , the risk of cardiovascular and all-cause mortality increased more steeply from office to home, day, 24-hour, and night BP. This is further illustrated in Figure 2 , which shows that at different initial systolic BPs, a 10 -mm Hg BP increase raised the risk of cardiovascular death in a progressively greater fashion from office to home, day, 24-hour, and night values, as was also the case (except for daytime) for diastolic BP. Figure 1 also shows that the Abbreviations as in Table 1 . ␤ Coefficients are given as meanϮSEM.
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same increase in risk occurred at progressively lower values from office to nighttime. This finding is further illustrated in Figure 3 , which shows at which office, home, and ambulatory BP values the 10%, 20%, and 30% risk of death was reached. The risk of cardiovascular and all-cause death showed no correlation with HR values measured in the office, at home, or over 24 hours (Table 2) . Kaplan-Meier survival curves showed similar survival rates in groups with HR value above and below the median (log-rank test always not significant), in contrast with the widely different survival rates in groups below and above median values of office, home, and ambulatory BP values ( Figure 4) ; this log-rank test was always statistically significant (PϽ0.0001). Table 3 shows the risk of cardiovascular death calculated by adding home and/or ambulatory systolic BP values to the model obtained with office systolic BP. Compared with the first 3 office BP values, the addition of the second 3 office values did not improve the goodness of fit of the model. This also was the case for the addition of 24-hour or day BP to office BP, whereas a significant improvement was obtained by adding home or night BP to the office BP. Twenty-fourhour, day, and even night BP values did not improve the predictive ability of the model when added to office and home BP values combined. Similar results were obtained for diastolic BP values (data not shown).
Multivariate Analysis
Discussion
The 11-year follow-up of subjects from the PAMELA population shows that office BP measured in 1 or 2 visits, home BP, and ambulatory BP were all higher in individuals who died of cardiovascular or other causes compared with those who remained alive. It also shows that all pressures were predictive of the risk of death with no prognostic superiority of self-measured or ambulatory values over the clinically collected values both for the incidence of fatal events and for their timing during the follow-up period. This finding does not confirm the conclusion drawn by previous studies that ambulatory or home BP values are prognostically superior to BP values obtained in the clinic environment by the conventional approach. 7,10 -12,18,20,21 Rather, it suggests that in the general population and for long observation periods, BP values measured under different conditions have a similar predictive ability.
The reasons for the difference between the results of the present study and those that have previously concluded a prognostic superiority of ambulatory or home BP need to be addressed. Three possibilities can be advanced. First, the longer follow-up and greater number of diagnostically safe events available in our study may have made our data less prone to chance than those obtained in several previous studies. Second, ambulatory BP may be prognostically superior to office BP in hypertensive patients (to whom most previous studies refer), whereas little prognostic difference between these BP values may exist in normotensive individuals who represent most of the population. Third, in previous studies, the finding of a prognostic superiority of ambulatory compared with office BP may have been favored by the methods used to analyze the data. In a recent study of hypertensive patients, for example, the subgroup with an office systolic BP between 140 and 159 mm Hg was reported to have a different cardiovascular morbidity rate in relation to a 24-hour BP above or below 135 mm Hg. 12 However, ambulatory and office BP values are significantly related to each other 4 ; the correlation coefficient was high as 0.70 in this population. 23 Thus, it is thus that these 2 subgroups also had higher and lower office values, respectively (eg, in the 150 and 140 mm Hg range), making the interpretation of morbidity data resulting from differences in ambulatory BP only somewhat speculative.
Although similarly predictive of the risk of death, office, home, and ambulatory BP values showed some important differences. First, the same degree of risk was reached at BP values that were progressively and markedly lower from office to home, day, 24-hour, and night values, which is in line with the differences between these pressures seen in the population. 23, [31] [32] [33] [34] Second, the increment in risk per 1-mm Hg increase in BP was progressively and markedly greater from office to ambulatory values, with a 10-mm Hg increase in systolic BP leading to a several-timesgreater increase in risk if based on 24-hour or night values than on office values. This is in line with the steeper changes in cardiovascular risk with an increase in ambulatory compared with office BP reported in previous studies. 7,10 -12,18,20,21 However, a steeper relationship between ambulatory BP and risk can be accounted for by the fact that as means of a large number of values, 24-hour BP values are distributed over a narrower range than individual BP values or means obtained by a few values only, without necessarily implying a greater predictive ability. A narrower distribution range characterized ambulatory BP values in the PAMELA population. 35 Third, adding home or ambulatory (night) BP values to conventional BP significantly improved the goodness of fit of the risk model. This finding suggests that although not progressively supe- rior to one another, these pressures possess different types of information, and their combination may be clinically useful. It would seem from our data that the combination that is useful is that between clinic and out-of-clinic BP, regardless of whether it is obtained at home or over 24 hours, because the 3 BP values together were not more predictive than 2 values.
Our study provides several other results. First, home BP adequately predicted the risk of death despite the fact that only 2 home BP values were available, which did not allow us to fully explore the potential of this approach, ie, to collect values over days and weeks. This should further support the use of self-measured BP in clinical practice. Second, office, home, and ambulatory systolic BP values all showed a closer relationship with risk of death than the corresponding diastolic BP values. This may be due to the fact that indirect methods for measuring blood pressure are more accurate for systolic than for diastolic values. This is particularly the case when, as in our study, the BP measuring device is based on an oscillometric method that does not directly measure diastolic BP. 36 It is more likely, however, that this reflects, at least in part, the prognostic superiority of systolic over diastolic BP shown by classic epidemiological studies, 37, 38 which our findings extend to home and ambulatory systolic values. Third, BP values within 24 hours were prognostically different; night BP showed a steeper relationship with the risk of death than day BP, and more importantly, the goodness of fit to the risk model was greater for night than for day BP values. The reasons for this prognostic superiority of night over day BP are not clear, although 2 hypotheses can be advanced. First, the prognostic value of day BP may be reduced by the contribution to the risk of BP variability, 1, 4, 39 which is much more pronounced during the day than during the night. 40 Second, during the night, reduction of arteriolar tone may allow greater transmission of BP values existing in the large artery compartment to microcirculation, enhancing their damaging effects. Regardless of the possible explanations, however, this further supports the recommendation to extend ambulatory BP monitoring to a 24-hour time interval. Finally, there was in our subjects no relationship between the risk or time of death and HR, regardless of whether the measurements were made at different office visits or at home and over 24 hours. This is not in line with the report of a prognostic value of HR for cardiovascular and all-cause death. 41 A limitation of our study is that the number of cardiovascular deaths was small (nϭ56), so the study power was limited. However, the data were similar when the much greater number of all-cause deaths (nϭ186) was considered. This strengthens the study conclusion, although with the limitation that it reflects what happens in an overall low-cardiovascular-risk population.
In conclusion, the long follow-up of the PAMELA sample provides evidence that office, home, and ambulatory BPs are similarly predictive of the risk of cardiovascular and all-cause death, with a superiority of systolic over diastolic BP and of night over daytime values. It further shows that the risk already increases at lower values and more steeply for ambulatory and home than for office BP. Finally, it shows that the different information provided by clinic and out-of-clinic BP may be combined to improve prediction of risk. 
